Introduction {#sec1-1}
============

The superficial temporal artery-middle cerebral artery (STA-MCA) bypass was introduced by professor Yasargil in the late 60s\[[@ref1][@ref2]\] since then this technique has been widely used in neurosurgery. Considered as the basic bypass\[[@ref3]\] to perform a low-flow revascularization in neurosurgery, this technique provides a blood flow augmentation\[[@ref1]\] to the anterior circulation of the brain from the external carotid artery. It was modified and developed during these last decades depending on the case and the indication.

First, it was performed for ischemic lesions,\[[@ref4][@ref5][@ref6]\] but actually, this technique must be mastered not only for the treatment of steno-occlusive disease and moyamoya but also for aneurysms surgery when the preservation of the parent vessel is impossible without sacrifice and also for treatment of skull base tumors when a vascular sacrifice is needed.\[[@ref3]\]

The surgical technique depends on the surgeon and the case, it can be performed in one bypass directly from STA as a donor vessel to a branch of MCA as a recipient vessel, or it may require interposition of a venous graft to perform double-stage bypass when the length of STA is not sufficient. The most important aspect is to perform a complete revascularization in the permissible time.

Patients and Methods {#sec1-2}
====================

In this article, we review a series of 20 patients who underwent a low-flow STA-MCA bypass surgery during 3 years in Fujita Health University, Banbutane Hotokukai Hospital (from March 2015 to August 2018).

All the data were provided by the senior author.

Patients were evaluated preoperatively using computed tomography (CT)-Perfusion to establish a better analysis of cerebral blood flow (CBF) for patients who were candidates for bypass revascularization surgery.

Surgical technique {#sec2-1}
------------------

To describe the surgical technique, we will illustrate with two cases operated in August 2018 for which an STA-MCA bypass was done.

### Illustrative case 1 {#sec3-1}

A 59 years old, male with diabetes and hypertension, presents with a left MCA stenosis diagnosed 1 month ago after a stroke, with an associated internal carotid artery - Posterior communicating artery (IC-PCom) aneurysm. The preoperative radiological study was done before the surgery \[[Figure 1](#F1){ref-type="fig"}\].

![Preoperative imaging of the first case (a) magnetic resonance imaging showing a stroke in the territory of left middle cerebral artery. (b) Brain three-dimensional stereotactic surface projection spectrum analysis allowing cerebral blood flow study. (c) preoperative angio-computed tomography showing left middle cerebral artery stenosis (encircled). (d) arrow showing an intracranial-posterior communicating artery aneurysm](AJNS-14-670-g001){#F1}

The patient was supinely positioned, the head rotated to the contralateral side in slight extension. STA was mapped using a Doppler probe. Frontotemporal curvilinear incision was done \[[Figure 2a](#F2){ref-type="fig"}\].

![Step 1: Incision and dissection of soft-tissue allowing exposure of the superficial temporal artery and the frontotemporal area (a) a frontotemporal curvilinear incision. (b) superficial temporal artery exposed, harvested and preserved in the early stage of surgery. (c) Temporal muscle being dissected to expose the frontotemporal area to perform a frontotemporal bone flap](AJNS-14-670-g002){#F2}

STA was identified in an early stage of surgery, dissected in all its length from adjacent soft tissue carefully: it should be preserved to not be damaged \[[Figure 2b](#F2){ref-type="fig"}\].

The temporal muscle was divided under the STA, dissected and retracted inferiorly to expose the frontotemporal area and perform a frontotemporal bone flap \[[Figure 2c](#F2){ref-type="fig"}\].

After performing the craniotomy, the dura was incised circumferentially to the pterion.

In this case, the patient presented an IC-PC aneurysm, we first started by clipping the aneurysm, a distal transsylvian approach was performed to avoid brain retraction, the Sylvian fissure was widely opened, all the surrounding veins were preserved, the aneurysm was exposed, dissected, and clipped \[[Figure 3](#F3){ref-type="fig"}\]. Dual-image video-angiography (DIVA) was performed before and after clipping \[[Figure 3b](#F3){ref-type="fig"}\]. Endoscopy was also used intraoperatively before and after clipping to allow exposure of the hidden parts of the aneurysm with surrounding vessels, and to check the position of the clip \[[Figure 3](#F3){ref-type="fig"}\].

![Aneurysm being clipped (a) exposure of the aneurysm through a transsylvian approach, here we are explorating the surrounding anatomy by endoscope. (b) preclipping DIVA is done. (c) Clipping of the aneurysm. (d) postclipping DIVA showing a total exclusion of the aneurysm, good flow in probabilistic internal carotid artery and internal carotid artery](AJNS-14-670-g003){#F3}

The second step of the surgery was the anastomosis. Cortical branches of the MCA exiting from the Sylvian fissure were identified, we chose an M4 segment as recipient vessel (depending on this vessels diameter) \[[Figure 4a](#F4){ref-type="fig"}\]. The arachnoid surrounding this cortical vessel was widely dissected, and its small cortical branches were coagulated and cut to allow its mobilization.

![Preparation of the recipient and the donor vessels (a) the recipient vessel is identified prepared dissected from surrounding arachnoid. (b) the length of the donor vessel (superficial temporal artery) is calculated. (c) the extremity of the superficial temporal artery is cut like a fish mouth, heparin is injected. (d) The fish mouth is marked with methylene blue](AJNS-14-670-g004){#F4}

The STA was prepared as a donor vessel, an appropriate length was calculated \[[Figure 4b](#F4){ref-type="fig"}\], after putting a temporary clip in the emergence of the STA, the artery was cut (the artery should not be too short as this will cause an avulsion, or too long as this will cause twisting, and further thrombosis).\[[@ref7]\] The surrounding adjacent soft tissue was removed from the temporal artery on its last 10 mm \[[Figure 4c](#F4){ref-type="fig"}\]. The extremity was prepared as a fish mouth and marked with ethylene blue (to facilitate its identification in the operative field) \[[Figure 4d](#F4){ref-type="fig"}\]. Heparin was injected into the STA. Gelfoam was used in both working areas (STA and MCA preparation).

DIVA was done, then the recipient vessel was trapped into two temporary clips, the arteriotomy was also marked with ethylene blue \[[Figure 5](#F5){ref-type="fig"}\].

![Arteriotomy is done after trapping of the recipient vessel between two clips](AJNS-14-670-g005){#F5}

We used 10--0 sutures, first, we started at the donor vessel in both borders of the fish mouth \[[Figure 6](#F6){ref-type="fig"}\], after that the arteriotomy was performed, then both sutures are done either placed in both ends of the arteriotomy to start the anastomosis between the STA and the MCA.

![Two 10--0 sutures are applied in the heel and the toe of the superficial temporal artery](AJNS-14-670-g006){#F6}

Noncontinuous sutures are done, first in the proximal wall of the arteriotomy \[[Figure 7](#F7){ref-type="fig"}\], then in the opposite wall \[[Figure 8](#F8){ref-type="fig"}\].

![Anastomosis starts at extremities](AJNS-14-670-g007){#F7}

![We proceed to sutures side by side with discontinuous nœuds](AJNS-14-670-g008){#F8}

The temporary clip on the STA is replaced in the distal end, and then we proceed to the removal of temporary clips one by one: first, the proximal temporary clip on the MCA was removed; second, we removed the distal clip on MCA; finally, the temporary clip on the STA was released allowing the verification of the patency of the anastomosis. DIVA was done it showed a good filling of blood through the anastomosis \[[Figure 9](#F9){ref-type="fig"}\].

![At the end of surgery, dual-image videoangiography is done (a) and we proceed to verification of the flow from the superficial temporal artery to middle cerebral artery with Doppler probe. (b) operative view showing the anastomosis between superficial temporal artery and middle cerebral artery](AJNS-14-670-g009){#F9}

Finally, we verified the flow with a Doppler probe.

The dural closure is also an important step, usually we use the temporal muscle to ensure a good closure allowing a safety entrance of the STA without any compression \[[Figure 10](#F10){ref-type="fig"}\].

![The closure is an important step (a) verification of superficial temporal artery with a Doppler probe. (b) the closure use a layer of temporal pedicle temporal muscle to allow a safety entrance of superficial temporal artery into the operative field](AJNS-14-670-g010){#F10}

### Illustrative case 2 {#sec3-2}

A 59-year-old female, without medical history, presents with a left MCA stenosis diagnosed 1 month ago after an episode of stroke, and confirmed by three-dimensional CT angiography \[[Figure 11](#F11){ref-type="fig"}\].

![Preoperative imaging of the second case (a) magnetic resonance imaging showing a stroke in the territory of the left middle cerebral artery. (b) computed tomography angiography showing the superficial temporal artery for a better study before surgery. (c) computed tomography angiography showing left middle cerebral artery occlusion (middle cerebral artery Encircled) (d) Pre operative CBF Study](AJNS-14-670-g011){#F11}

The position and the skin incision are similar to those in the first case (as described above).

The exposure and dissection of STA was done carefully, in this case, both branches were exposed \[[Figure 12](#F12){ref-type="fig"}\].

![After skin incision, dissection and exposure of superficial temporal artery with its two branches, the frontal branch is clipped and prepared as a donor vessel](AJNS-14-670-g012){#F12}

After bone flap removal and dura opening, we selected a branch of MCA as a recipient vessel in the cortical brain, of which the diameter permitted to perform the anastomosis. This chosen vessel was dissected from adjacent arachnoid \[[Figure 13b](#F13){ref-type="fig"}\].

![Preparation of both donor and recipient vessel (a) preparation of superficial temporal artery its extremity cut like a fish mouth, and the last 10 mm dissected from adjacent tissue. (b) calculating of sufficient length of superficial temporal artery. (c) dual-image videoangiography is done before bypass to verify feeling in the recipient vessel. (d) M4 segment trapped between two clips arteriotomy done and heparin injected, two 10-0 sutures applied in both extremities of mouth fish of superficial temporal artery](AJNS-14-670-g013){#F13}

DIVA was done first before starting the anastomosis \[[Figure 13c](#F13){ref-type="fig"}\].

Frontal branch of STA was prepared as a donor vessel, clipped in its proximal and distal part using a temporary clip after calculating the ideal length. Its extremity was cut as a fish mouth and dissected in its last 10 mm from adjacent tissue, after that we marked it with methylene blue \[[Figure 13a](#F13){ref-type="fig"}\]. Two 10-0 nonabsorbable sutures were placed in each extremity of the mouth fish \[[Figure 13d](#F13){ref-type="fig"}\].

The recipient vessel was trapped between two temporary clips, a sufficient length for arteriotomy was marked with methylene blue, and then the arteriotomy was done \[[Figure 13d](#F13){ref-type="fig"}\].

First, the anastomosis started in both corners, after that noncontinuous sutures using 10--0 sutures were done side by side. We verified at the end of the flow with DIVA \[[Figure 14](#F14){ref-type="fig"}\].

![(a and b) showing the way to perform the anastomosis between donor and recipient vessel. (c) Dual-image videoangiography after anastomosis and removal of different clips showing good feeling in both donor and recipient vessels. (d) Operative view of the anastomosis](AJNS-14-670-g014){#F14}

Dural closure started from the front then the temporal side, using a pedicle layer of temporal muscle allowing a safe entrance of STA without compression.

Results {#sec1-3}
=======

Twelve (60%) patients were male and 8 (40%) females with a mean age of 57 years. Nine (45%) patients presented with an ICA steno-occlusive pathology, 6 patients (30%) MCA steno-occlusive disease, and 5 patients (25%) presented with moyamoya disease. Twelve bypasses (60%) were performed at the left side and for 8 (40%) in the right side.

Bypass surgery was performed in all cases by an experienced bypass surgeon. In all cases, occlusion time does not exceed 25 min.

We divided these patients into two groups according to their pathologies for a better study. The results are reported in [Table 1](#T1){ref-type="table"}.

###### 

Recap table of our series

       Date of surgery      Age   Sex      Pathology           Side    Complications
  ---- -------------------- ----- -------- ------------------- ------- ------------------------
  1    March 5, 2015        73    Male     Carotid stenosis    Left    
  2    April 21, 2015       72    Male     Carotid occlusion   Right   CSDH
  3    April 23, 2015       72    Male     Carotid occlusion   Right   CSDH- wound dehiscence
  4    November 25, 2015    73    Female   Carotid occlusion   Left    
  5    July 27, 2016        73    Male     Carotid stenosis    Left    
  6    August 31, 2016      59    Male     Carotid stenosis    Left    
  7    December 27, 2017    73    Female   Carotid stenosis    Right   CSDH
  8    January 30, 2017     73    Male     Carotid stenosis    Right   
  9    June 13, 2018        16    Male     Carotid stenosis    Left    
  10   July 16, 2015        48    Male     Moya                Right   
  11   September 27, 2017   6     Female   Moya                Left    
  12   July 25, 2017        13    Female   Moya                Left    
  13   April 19, 2018       51    Male     Moya                Left    
  14   June 13, 2018        71    Female   Moya                Left    Wound dehiscence
  15   February 04, 2015    78    Male     MCA occlusion       Left    
  16   June 16, 2015        54    Male     MCA stenosis        Right   
  17   May 31, 2016         49    Female   MCA Stenosis        Right   
  18   January 30, 2017     64    Female   MCA Stenosis        Right   
  19   August 07, 2018      59    Male     MCA Stenosis        Left    
  20   August 07, 2018      64    Female   MCA Stenosis        Left    

MCA -- Middle cerebral artery; CSDH -- Chronic subdural hematoma

1-moyamoya disease {#sec2-2}
------------------

Five patients (25%) presented with moyamoya disease. Two were male (40%) and three were female (60%). Age ranges from 6 to 71 years old. The mean age was 37. Only one patient underwent surgery from the right side. Three patients (60%) of the five had already been operated before on the contralateral side.

2-steno-occlusive disease {#sec2-3}
-------------------------

Fifteen patients (75%) presented with a steno-occlusive disease. Ten males (66%) and 5 females. Age ranges from 16 to 78 with a mean age of 60 years old. Nine (45%) of these patients presented with a steno-occlusive disease of the ICA, while 6 (30%) of them were in MCA.

Glasgow outcome scale (GOS) was excellent for all patients in our series, GOS was at five for all patients.

Four patients presented with complications, three chronic subdural hematoma (CSDH), and two patients presented with wound infection (one of these two patients had CSDH).

Discussion {#sec1-4}
==========

Pre- and peri-operative considerations {#sec2-4}
--------------------------------------

Before performing an STA-MCA bypass, patients must be put on anticoagulant\[[@ref7][@ref8]\] and antiagregant\[[@ref7]\] therapy to avoid thrombosis. There is no clear consensus but most surgeons prescribe aspirin 10 days before surgery, except cases of ruptured giant aneurysms. Heparin is only used during surgery and injected into both donor and recipient vessels.

Hemodynamic studies must be done before the surgery. Acetazolamide\[[@ref5][@ref9]\] and single-photon emission CT\[[@ref10]\] are used in some centers. Cerebral blood flow (CBF)\[[@ref11][@ref12]\] and cerebral blood volume (CBV)\[[@ref10]\] have to be recorded and compared with contralateral side. Poor perfusion status was identified by a CBF ratio less than 0.95, and a CBV ratio grater than 1.05.\[[@ref10]\]

Patients must be managed during anesthesia with permanent normocapnia and perfect stability of arterial blood pressure.

Preoperative imaging studies should include the study of the STA with its different branches.

Indications {#sec2-5}
-----------

The most common cause of hemodynamic stroke is an atherosclerotic cerebrovascular disease.\[[@ref5]\] Cerebrovascular steno-occlusive disease is due to obstruction of ICA or MCA. The risk of subsequent stroke in carotid artery occlusion is 7% and the annual risk of stroke in the same side is 5.9%.\[[@ref5]\] The main goal of STA-MCA bypass here is to shunt an athero-occlusive stenosis even if there is ischemic but salvageable tissue or to prevent stroke. A large stroke on CT or magnetic resonance imaging (MRI) contraindicates bypass surgery because the brain tissue is not salvageable, and the blood flow augmentation may precipitate a hemorrhagic conversion. Even this indication remains controversial, the Saint Louis carotid stenosis study\[[@ref2][@ref3]\] and the Japanese extracranial-intracranial bypass trial study showed better outcome for patients with stroke who underwent bypass surgery.\[[@ref10][@ref13]\] The results of medically-treated patients are poor, STA-MCA bypass may provide better outcome. A CBF and brain metabolism study is essential in preoperative study for the success of this procedure. It allows a better selection for patients who present mismatches between blood supply and brain metabolism which increases the benefit of revascularization.

STA-MCA bypass is also indicated in moyamoya disease\[[@ref14][@ref15]\] this cerebrovascular disorder characterized by a progressive occlusion of arteries around the carotid artery first reported by Takeuchi and Shimizu. Consequent to this occlusion, there will be formation of thin collateral vessels having the aspect of "puff of smoke" in angiography.\[[@ref3]\] Surgery is indicated for patients having symptomatic moyamoya disease. The goal of treatment in moyamoya disease is to improve cerebral flow.\[[@ref1][@ref3][@ref14]\] The optimal revascularization strategy remains controversial, STA-MCA bypass allows a direct revascularization; however, encephaloduroarteriosynangiosis (EDAS) can be used as indirect method.\[[@ref3][@ref14]\] EDAS can be associated with the direct bypass surgery.

Bypass surgery is also used in the management of complex aneurysms.\[[@ref1][@ref3][@ref16][@ref17]\] Anastomosis is considered when a sacrifice of parent vessel or one of its major branches is necessary. Even for complex ICA aneurysms, a high-flow bypass is sometimes recommended, STA-MCA bypass can be used in complex MCA aneurysms as a rescue bypass to provide a flow replacement before exclusion of the parent vessel.

Flow replacement may also be considered in skull base lesions\[[@ref3]\] involving vessels. Moreover, this indication remains controversial, in skull base cases, usually in almost cases there is a plan allowing peeling of the tumor from adjacent vessels. If the tumor is adherent to the vessel, it can be left to be managed conservatively and followed up by MRI or treated with radiosurgery.

Finally, STA-MCA bypass is also indicated in the incidental injury of MCA during aneurysm surgery or tumor removal when a direct repair of the vessel is not possible.

Surgical considerations {#sec2-6}
-----------------------

During the bypass, manipulation of both recipient and donor vessel should be correctly and carefully done to not damage the endothelium to avoid thrombosis of the bypass. Particularly in moyamoya, the recipient blood vessel is thinner than in normal cases, which makes manipulation and arteriotomy more difficult than usual STA-MCA bypass, the anastomosis should be done correctly and carefully.\[[@ref18]\]

In the literature, some authors prefer continuous sutures,\[[@ref5]\] in all our cases, we used noncontinuous sutures for all cases.

Complications {#sec2-7}
-------------

The most common complications of end-to-side STA-MCA bypass are perioperative stroke and graft occlusion. Millesi *et al.*\[[@ref19]\] reported a case report of de novo aneurysm formation at the anastomosis side with a review of 17 cases published in the literature. Horiuchi *et al.*\[[@ref20]\] proposed a revision of the anastomosis in case of intraoperative occlusion. The use of antiplatelets in perioperative period, the maintain of a normal pressure while performing the anastomosis and the careful preparation of the anastomosis, decreases anastomosis difficulties and complications, and increases the patency of the anastomosis consequently improve the outcome.\[[@ref18]\] The Japan Adult Moyamoya study reported\[[@ref9]\] 9.4% of complications in 84 cases reported. In our current study, we did not observe any graft occlusion; GOS was at 5 for all patients of family health units series.

Limitations {#sec2-8}
-----------

If the diameter of STA is small, the anastomosis will not be feasible and it may require another surgical strategy. If STA is already used to provide blood supply to the hemisphere, indirect methods should be envisaged in moyamoya cases.\[[@ref21]\]

Conclusion {#sec1-5}
==========

STA-MCA bypass is an elegant technique indicated for blood flow augmentation in symptomatic hemispheric hypoperfusion due to atherosclerotic steno-occlusive disease and moyamoya, or flow replacement in complex MCA aneurysms. This technique can also be used as a rescue method of revascularization of an incidentally injured vessel during surgery. Hemodynamic evaluation is important before the decision-making in ischemia. When correctly performed, this technique has a very low rate of complications with a high rate of patency (superior to 90%)\[[@ref7]\] and few complications as seen in Fujita Health University series where the bypass is performed by experienced hands with the use of multimodality treatment as DIVA and Doppler. Laboratory training, good learning of microsurgical and bypass techniques may help surgeons to improve the outcome of patients.
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